ABSTRACT.--We studied patterns of cavity placement and orientation by the Gilded Flicker (Colapres chrysoides) in the card6n cactus (Pachycereus pringlei) of Mexico, a columnar cactus characterized by a complex branching pattern. Overall, Gilded Flicker cavity entrances were oriented significantly toward the north-northwest, and they tended to face away from the rest of the cactus structure. There were more cavities proportional to the number of arms in the northwest quadrant, and these cavities had the strongest tendency to be oriented to the northwest and to face away from other arms. Cavities in the northeast quadrant were oriented slightly east of north, maintaining a strong pattern of orientation away from other cactus arms. Southwest quadrant cavity orientations were similar to those in the northwest quadrant but deviated from the trend of facing directly away from the bulk of the cactus structure. The fewest cavities proportional to number of arms were in the southeast quadrant, and these showed no significant orientations, instead having the greatest variation in directional orientation as well as orientation with respect to other cactus arms.
reported that cavity orientation was influenced in part by cac-tus architecture. Specifically, when adjacent branches were present on a saguaro stem, cavities were oriented in the direction of least obstruction. If a specific direction and avoidance of obstructions are important factors influencing cavity placement and orientation, then the greater architectural complexity of the card6n cactus relative to the saguaro may force tradeoffs among preferred orientation characteristics. The various locations of the card6n arms, radially distributed around a center point, will not be equally suitable for a woodpecker attempting to achieve an optimal cavity orientation. For example, in the northwest region of a card6n cactus with respect to its center, orientation of the cavity toward the northwest automatically places the bulk of the cactus architecture opposite the entrance to the cavity. In parts of the card6n that do not correspond to a preferred compass direction, woodpeckers must make tradeoffs between maintaining a preferred direction and orienting the cavity entrance to avoid obstruction by the surrounding structure of the cactus
(sensu Korol and Hutto 1984).
We quantified the architecture of card6n cacti in Sonora, Mexico, and examined the pattern of distribution and orientation of nest cavities of Gilded Flickers within the structure of these cacti. We tested the hypothesis that compass orientation of cavity entrances and orientation with respect to cactus structure differ among cavities located in the four quadrants defined by north-south and east-west axes through the center of the cactus. We predicted that these quadrants are apt to differ in ecological influences because: (1) significant mean entrance orientations to the northwest reported for woodpecker cavities in saguaros suggest ecological constraints on compass orientation; and (2) the location of the study site at 30øN latitude precludes sunlight from shining directly on the north side of the plant, thus creating a differ- Each cactus arm and cavity was assigned to one of four quadrants (i.e. NW, NE, SE, and SW) delineated by the north-south and east-west axes through the cactus center A cavity was placed in a specific quadrant by the orientation angle of the arm containing the cavity (Fig. lB) ; arms and cavities located in the absolute center were not included in quadrant analyses.
Geometric equations incorporated as algorithms of a Fortran computer program were used to calculate additional geometric relationships from data collected in the field (Fig. 1C) . To examine the orientation of a hole with respect to the position of all the other arms on a cactus, the program computed the angle hb ( 
In a comparison of several statistical tests for circular data, Bergin (1991) determined that this test was subject to Type II errors (failure to reject the null hypothesis of random dispersion) for significant polymodal distributions. For this reason, we examined plots of the raw data for patterns of polymodality (P > 0.05) to confirm that the null hypothesis should be accepted.
In addition, the data for angle hb also were analyzed using the V-test, which examines whether angles are clustered around an expected mean direction (Batschelet 1981) . In this case, we tested the hypothesis that the hole is oriented outward, away from the arms of the cactus (angle hb = 180ø). For a (Table 1) . Pairwise comparisons revealed that the northwest quadrant had a greater ratio of holes to arms than the other three quadrants. The northeast quadrant had a higher ratio than the southeast, and the relationship of the southwest quadrant to these two
quadrants was unclear (i.e. NW > [NE = SW] > [sw = SE]).
Cavity-entrance orientation.--Cavity-entrance holes exhibited significant nonrandom orientation to the north-northwest (342.5ø; Table 2 ). The influence of quadrant location of a cavity on the orientation of the entrance hole was analyzed by dividing the orientation data into one of the four quadrants, revealing significant nonrandom patterns and strong quadrant effects (Table 2) . Patterns of significant nonrandom orientation were evident in all quadrants except the SE quadrant. Gilded Flicker holes were significantly oriented toward the northwest in the NW and SW quadrants (mean angles = 329.5 ø and 298.5 ø, respectively), and to- (Table 3) . The position of the cactus arms relative to hole orientation was significantly nonrandom for cavities in all quadrants except the SE (Fig.  2) . The NW and NE quadrants had mean angles hb closest to being directly opposite the hole orientations (NW, 177.5ø; NE, 171.5ø); this was confirmed by the highly significant P-values for the expected 180 ø under the V-test. The mean angle hb from the SW quadrant, also significant under the Rayleigh test, was positioned to the right of the mean hole orientation (mean angle hb = 115.5ø). In addition, the V-test for an expected angle of 180 ø was not significant. The analyses of the calculated mean angle hb in the SE quadrant were not significant for either test (Table 3 ).
DISCUSSION
The orientation of an arm with respect to the center of the cactus appears to be an important Hole orientations in the northeast and southwest quadrants suggest that tradeoffs are being made between thermal and architectural constraints (Fig. 2) . In the southwest quadrant, facing away from cactus arms would require a southerly exposure; instead, the northwest preference is maintained while sacrificing some of the visibility around the nest entrance by orienting the cavity such that the bulk of the cactus arms are located to the right and slightly behind the cavity opening. This is supported by the nonsignificant results of the V-test for an expected angle to the cactus arms of 180 ø . In the northeast quadrant, facing away from the bulk of the arms can be achieved without exposure to direct sun, and in this quadrant a northerly orientation achieves this without straying too far from the overall preference for orientation to the north-northwest.
Because Gilded Flickers are relatively large woodpeckers, they may have difficulty losing excess heat. Thus, their thermoregulatory requirements are likely to have a strong influence on cavity orientation. Heat stress in the region where we collected data can be high, and cavities in cacti are subject to greater heat stress than in other substrates because of the larger heat capacity of cactus tissue versus woody tis- 
